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(54) OPTICAL FIBER, OPTICAL TRANSMISSION LINE USING THE OPTICAL FIBER, AND 
OPTICAL TRANSMISSION LINK 

(57)Abstract: ; y B 

PROBLEM TO BE SOLVED: To form an optical transmission 
line for broadband wavelength-division multiplex 

transmission using a Raman amplifier. ? 
SOLUTION: Settings are made, i.e., the absolute value of ~^ f 

dispersion in the entire wavelength band of 1,360 to 1,625 

nm being 0.5 to 9 ps/nm/km, the absolute value of a \ t> 

dispersion slope at a 1,550 nm wavelength being <0.03 n 
ps/nm2/ km, the diameter of a mode field at the 1,550 nm 
wavelength being <7 |j,m, and the cutoff wavelength of a 
cable being <1 ,360 nm. The outer circumferential side of a 
core 1 1 is covered with a clad 5 and has a 1st core layer 1 
formed at the center part of an optical fiber and a 2nd core ^ 
layer 2 covering the outer circumferential side of the 1st 
core layer 1. The specific refractive index difference A1 
based upon the clad 5 of the 1st core layer is set to 0.6 to 
1.6% and the specific refractive index difference A2 based 
upon the clad 5 of the 2nd core layer 2 is set minus. 
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m &jmi©s#t^7p 7 7j)uo$><Dtt%ztm 

mmmm<DWffi, tm&L**^ hi© (a) 20 

[0058] *mimmi<Dyt7 7 j 371 10 
mmtyvYsxmoxmzn, nm^7\ m 

§ 0 MfBIS l 3 711 (Dmmyv FSZmi: LfcJt 
A 1 (i 0 . 6 %W± l . 6 %WT\ ituIBH 2 3 
71 2 ©JUNE* 77F5 £S*P t Ltcimmm A 2 ti 
A©ffi£LT^So IU 37f 1 ©jlfitea, H2 37 
l2©tIg&bT?£3o 30 
[0 0 5 9] fcfc, «l»tfc^Tti, ^13710 
/BffispflttSB©^** n K 123 70©®#r$ft'h 

±f2&rtBWMA 1 , A 2*WT© (S3) , 
(ft4) O3fiiHSf«:±0£«LT^S. 
[0 0 6 0] 
[»3] 

A 1 *f { (nl-n 5) A5| X 1 0 0 
[0 0 6 1] 

[ft 4] 40 
A 2** { (n2-n5) /n5| XlOO 

[0 0 6 2] B. 1 tCti. **JBgtt«jO)tt77-f^Olt 

ftwi i~i4 ondttf^stir* o , *n^n©)t7 7 
-r^ti, ±E&JtMr*g a 1 , a 2 ©ig£g 1 t** 

fc, $ 1 371 1 ©y/l/V-^A (G e) ©F-7I£ • 
Al (G e) X'7TsLXi6<0\ W, 1 371 1 <D7?m 
(F) ©F-7l£A 1 ( F) T'^Ltt^o 
[0 0 6 3] 

[$ 1 ] 50 
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[0 0 6 4] ^HC*3^T, ati^ 13711© 
US, btt»2 37l2 0Eg*^UT^5. 
fro: rt©iftftte*tt *»ft*MRT» 0 , M F D tiSM 

1 5 5 0 nmK:;fett4*-F7-r-;PF& PMDtifi 
ifit- KfMR» mmkimg. 1 5 5 0 nmtftttS 2 

*yh*7&g%^U 7t77^^©l?2 2mT©* 
7 h*7»§"efcS. 
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[0 0 6 5] *£SBBHB!©ifc7 7 h fly* 

>r^8©-Wis Si 3711 ft </ >4<fcty;l/'7^«> 
A£F-7LTJM£ft, a237l2*^>ft<fct>7 
•y^F-7ttffM^nTi/^o c©*M0J©ft77 
-fASte, gl ©No. l~No. 1 1 tit 

mWll-1 10Jt7 7^^T*fe5o 

[0 0 6 6] £/c, *Him^iJ^7 7^/^iJc0P 
tt, Si 3711 72* £7 >yfl£ 10 

K-7 , LT»««tU S2 37l2tf'>ft<fct,7y|R 
£K-7LTfM£ftTl^ 0 COWO*7r>f^8 
fi, flifctf, ^l©No. 1 2 -No. 1 4 fcaVTOSft 
11 2-1 4 0^77-1'^feSo CnP)©SlfiKlK*3 
1>T, »1371l07y3RF-7'«4:*237l20 
77*K-7i^:i5^|W|-li:LTV^o 

[0 0 6 7] ©No. l~No. I AUntUftW 

1-1 4©£?fC, *%ffiB&ffl<Dyt7 7'(rt\t, 
ft£>, Ml 5 5 0 nmKfcttSiEjM&fcfcO. 2 5d 
B/kmWTfcLTVSo 20 

[0 0 6 8] SSIi»EjMESi: LT0]*(f 8 

0 k mfiiSBftffl^fciifc, £&ftT*©ii££ 2 0 d B 
WrtmWASfcftKttO. 2 5 d B/kmWTT'ftttft 
ffft£>ftl\, 7vyJafi*ff30T£'>©»fctt*A- 

^©f££i££#ihrst, flwuweoai 

£ti0. 2 5 d B/kmWrtfc#2*5&gtffcSo 
[0 0 6 9] «W»!8ffliO)t77-r^H:, ±I2©J:9 
tc, Ml 5 5 0 nmfcfcttafcjMSfcfcO. 2 5dB 
/kmWTi:LT^5©T% Ml 5 5 0 nm£tW>£ 

[0070] *$mmm<oyt7 7>(*\t. m 

1 3 9 0 nmtC&tfS 1. OdB/kmJKT 

[0 0 7 1] ^r^fcttfiftl 39 OnmfsfififcO 

©J!£fi, 1£77<(>U£ C'Vy K^ffiffl GTVS i: *tt 
*ft82**ftM«c4&4W S^>K*ffl^*« 
£fcttlSHi:4S. 

[0 0 7 2] 0, S/OF*ffl^fc7vyitM8fli|<D 
tt£2t»K:ft77-f/<*SUfl*S«£, Ml 3 9 0 n 40 

mnmmum.^tm^o^\ m i 3 9 0 nm 

ttififc (RiR»^* 5 £ > KJiiBft© o Xtf L T L £ 
% Ml 3 9 0 nmfcfcttSlifctf l d B 
77^ttE&j^©ai*tf*t <, Kffi4itaii:**4 

[0 0 7 3] $lW»J©ft7 7^ti, M l 3 9 
Onmfc:fett*£i29Hfc*l. OdB/kmWTtLT 
V>£©T% S/^F%fflV^c7V>JtHffl©5tfi^gS(c 
^77^/^lfflLTfc, Ml 3 9 0 nmfC&ttSjf 
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[0 0 7 4] Sfc, *£Mfct6W©3fe77-r^tt, 7j<^ 
JMlTfcfettSSS 1 3 9 0 n m©il£tiJjntf 1 0 %W 
T£4SJ:3fcLT^*o og^, ft77i^£l%© 
**»fi8H5nFfc 9 6B*IBI»lLfcfct©»fil 3 9 

0 nm©H£fttotf 1 0%WTfc43«fc?fcLT^3 o 

[0075] >7-7'}mc%±irc7mc& t ) 

M 1 3 9 0 n m©S£tf 1 0 %W±tt&D"f § ft£ 
^fcA***HlS^<7-*it**4ttfttf5'*TA 

7Mf5S*Tfcfett3ftM 1 3 9 0 nm©ii^liiP^ 

1 0%WTtft-SJ:^{cLTV^©^ £©^H£[5]ji 

[0 0 7 6] Mit0IJl~l 4©ft77^ti, ^ 
■fftfc* fiifct-FftttfcO. 5ps//kmi:LT^ 

[0 0 7 7] <i&^- F»«ttSjSejS©ftSf»f fcftSC 

77-Y^'7-7;l/i:|HHit, 0. 5ps//kmWrtT 

ftitntf, fs$re- F»ttffl«SftLT©i«iiejiS{4^Ri 
[0078] *%tmt&M<Dyt7 7'(JMt. ^fnt, 

fiSt-FftftfcO. 5 p s//kmWTi:LTV5© 

[0 0 7 9] 1ft, IlONo. 1-5, 8-12, 1 
4fcjS*KfflWl~5, 8-12, 14©ft7 7-f7* 
tt> ffi»*-F#»£0. 2ps/V"km«Ti:l/a> 
3©T\ FiMRt 0-1W9J 

U 1^-FftMfWSLT'k, 40GB/s777 

[0 0 8 0] £fc, Mft0IJl©ft7 7^ (^1©N 
o. 1 <Djft77^^) ti. Ml 3 6 0 nmfr5 1 6 2 

.BtOfftttffifcO. 5 p s/nm/km&±9 p s/nm 
/ k mWTfc LT43 0 , C Ol£^»««Kfe^T*iMR 
M^:WLT^ftV\ 

[0 0 8 1 ] OS 0, Wf^«|l©}tt7 7^tt, ^IJx.tf 
12© (a) ©^tt^atc^l-.t^tc, Ml 4 6 On 
m^P. 1 6 2 5 nm©ff^S *W\U?Z>Wlfflt 
Ri -» OiaiRi (CCT'ti 1 3 6 0 nm) £ D 

[0 0 8 2] Mffffliojt77^tt, ±!E©cfc-M;:, 

1 3 6 0 nmcfcOt^MWc^^M^LTl^ 
©T% M S^>Ffr 6 L/^> FtcS3j£^MiEH 
(Ml 4 6 0 nm^6 1 6 2 5 nm) Kfct^T, E33t 

[0 0 8 3] Sfc, M^Jl©^77^^fi, Ml 3 
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6 0 nmfrfc 1 6 2 5 nm©£#tefettS&£#tt0lfi 
8ff*9ps/nm/km«TfcLT^*©-C, ftttfc 
cfcS€^tt©^l/7j£tf !?£«JT*f , ^ffl^«Jg% 

[0 0 8 4] S&fc, KflF09l©ft77-f^tt, Jftfil 
5 5 0 nm£fctt4#ttXD-7 , ©lftaft£0. 0 3 p 
s/nm 2 /kmttT, 1 5 5 0 nmfC&tfS*:- 
F7^-;l/FH£7 (imWT, h*7$g 
£1 3 6 0 nm*iii:LT^§o 

[0 0 8 5] Mm\<Dft7 7-l'm, ±EO«fc5fcv 10 
>r-Ji\/tn> F*7i£g£i 3 6 0 nm*8Si:LTVS 
©T\ ®|a^fi^7ttD-»^i/^- K*fr%S8£«* 

[0 0 8 6] 3=fc, 7VyJfii^ilfflLT4 OGb/s 
jM£LTlffl£ft3ft77^©¥{im2£fcD©# 

*n« < 4 < £ t, e o P s 

[0 0 8 7] iftj J: Lfefcfctt, *-©# 20 

ft$HRxn-7*g8*S©W*IL<, ffig©#»i:# 
tfcXD-7©J£ (DPS; Dispersion/Slope) £2 0 0 

(nm) WTfcfSOttKLV^. 

[0 0 8 8] Lfc^T, 0U(f#»©i!fettlItf8~9 
p s/nm/km©ft7 7^*)t£iMS&Kffl^3lf£ 
ti, J t©it7 7^^©^Xa-7'©«S*fffi{i0. 0 4 
ps/nm 2 /km?^tllft^T&3C fctfUS L 
<, $MR»*rtI*4~6p s/nm/kmgfi 30 

fc^Lfcft77^<*M£iSiSfcffl^*l£tt, ^© 
*77>f/«0iMRXD-7 , OlfiWffla:ra^T?0. 0 3 

[0 0 8 9] ISfflHIl ©^77-Y^©SU 5 5 0 nm 
fc*ttS^Xa-7©tfift»40. 0 0 9 ps/nm 

T^^k^ft < % mm l-w^ 7 

[0 0 9 0] Sft, ^□7»f®»{i, *-F7-T-/l/ 

KSt-«wfc»«LT*o, m%]37®mmtf*zt 40 

ffSfc, +»49^>««Sft*3WI5n4v\ ITU- 
TgJcrG. 6 5 3©^>7h7t77l'^ (DS F) 
tt, t-F7^~;I/Fi^7. 8-8. 5/imi:£ftT 

<:©*-F7w-;i/F&£'Prf3tt7 7>i7<©^ 

[0 0 9 1] hU^yX^JgLT, C«>7F)t 

7 7 >f / * i: Sgijf t Lit v v y ? § ft 46 tc fi , it 7 

c©^37iiffiiitcW)t;-r5 ; e-F7^ 

-;l/KStt, 7/inJiTFT'fc*. 50 
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[0 0 9 2] Kfl$!l©3tt77-r^H:, £51 5 5 On 
m£*5tt3 : E-F7^-;l'WI£7 /imWTfct/Cl^S 
©T\ ±SKMR*>7 Fft77^UDfcM^7vy 

[0 0 9 3] IWJ2~4©ft77'M <M 1 © 

No. 2~4©ft77^<0 kW^9~l 1 (*1© 

no. 9~i i©ft77-r^) ic-o^twets. 

&©ft77l'^i, $S 1 4 3 0 nmfr£> 1 6 2 5 nm 
©±«£fctt$fttt©fettffi£0. 5#±9 WTfc LT 
fcO, ^©E^jSl^Cti^T^iKSl^^LTV^ft 

[0 0 9 4] OS 0, Mft0ij2~4 x 9-1 l©ft77 
JAl£ s flP|AtfH2 0 (b) 0«pttiatwTJ:9t, 
SSI 5 3 0 nmA^ 1 6 2 5 nm©fg^ftS ,-„ £ 

aetsBteEJtRi- ©*®&sr. (cc-ean 

3 0 n m) «fc 0 feSSMfc**ffiSS***S»JS"r 

[0 0 9 5] mWl2~4, 9-1 l©^77-r 

^ti\ ttgl 5 5 0 nmtc:fctt3#l7P-7©$eftfg 
£0. 0 4 p s/nm 2 /kmWT, $g 1 5 5 0 nm 
K43tt3 ; E-F7-f-rt/F&*7 fimfiHN ^r-7;l/* 
7 F*7$l£ 1 4 3 0 nm*?i£ LT^5 0 

[00 9 6] Ctl?) ©l$ftffl©#T\ MttW 2,4,1 
0©ft77-(/^ $11 5 50nm£fctt3#tt*a 
-7©£g*f{il£0. 03ps/nm 2 /kmUTfcbT 
^So £fc, fcfc, SSfflM4©Jt77>r^tt, #tt*P 

-7©fft8ffiff'hs^©-?, fc#«fcfc^T#tt£{fctf 

'>ft < > 5Mft«|« L * t V ^7 7 << * T V > 

■So 

[0 0 9 7] MWJ2-4, 9-1 l©7t77^^«, 

yFi:L^yF©&S^^fc^Ti^p n pH©Sl^SiJ^S 

[0 0 9 8] mWl5~8<Dyt7 7J^ (Si ©No. 
5~8©7t77-l'^) it, K^l 4 3 0 nm*^l 6 2 

i!j©l§MfiI^0. 5W±9WTi:LT43l3, C©j£v^ 

[0 0 9 9] OSD, Kff«5~8©*77^<tt» ^1 
*tfH3©<*tt«atc^-r<t^^ fl^S ©1 
5tt5 S „ (C iTii 1 6 2 5 n m) «k 0 fegftSfllfc 

[0 10 0] Sfc, HffW5~8©3tt77>f^tt, J^S 
1 3 6 0 nm*>5 1 6 2 5 nm©^(C*3lt§SS^i( 
©«W€*9ps/nm/kmWTi:UT^5©^ 53- 

[0 10 1] ^etc, Kft0!5~8©3t77-f^tt, & 
115 5 0 nmte*»J«iMRXP-7©l6Wfil*0. 0 
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3 p s/nm 2 /kmW~f\ $115 5 0 n mfcfctt* 
*-F7<f-rt/Fg*7 |i m«T, ^r-y^ijy b*7 
&l£l 3 6 0 nm*!£:LT^&o 
[0 10 2] Mf^lJ5~8(7))t77-Y^OSSl 5 5 0 
nmtCfclt5^XO-7©ieWfIli, v^fnto. 0 
09 p s/nm 2 /kmWTe&tK ^HJtjEl/^fflT? 
#ftt{ttf'>ft < , #KH« 7j>^m 

[0 10 3] Kffffi|5~80*7r^H:, KffWlO 

^r'f^traflicajRftii-rscfcjvet*. 10 

[0 10 4] 04 ©f#TO a fi, ±I3Ktt0l 1 

»»tt*^ L/Tfeo, p m©if b tiuff 5 <om 

$t©S$Ii&lT-£3 1 3 6 0 nmfr£{I*fft$l©S 
1 6 2 5 nmfCfrttT, *#tti:4SS£ 

[0 10 5] a l t^Lfc^HfNHfcfe^T, 

SSI 5 5 0 nmicfctti.2 0 mm 0 ©EfttfS^te 5 d 
B/iMTC**, Jt77^/WC©fl*WLTV>ntf 20 

77-f^fr-7;l/**j«T*5Cfcj^&ftTfc!>, M 
fNSl~l 4©ft77l7^i, £^»g«fcfc^Tltttf 
«t 3S£©'hS V^7 7 -IV^-TVI/***? * 
[0 1 0 6] ftfc\ *§»!§0J©ft7 7 

£©{g£T3i:i:tcJ:v> ^XP-7'©»Wffi*^« 
£ ft fcft 7 * 3 <: tfftfr -3 It, 

[0 1 0 7] Sfe, JtJSSf^A 1 fcO^Ttfti**ff^ 30 

5 5 0nm{ct5ttl> ; e-F7i'-;l/FM^7 jiiKTfcT 
tf, JtSSf*HA 1*1. 6 %£»):*:*< ilfc 
11 5 5 OmlZtSliZfc'MM&tfO. 25dB/kmJ; 
<0 * § < ft o X L $ o C t mfr r> fz o 
[0 1 0 8] %CX\ ±E©J:9fc, JtfflUrsPHA 1* 
0 . 6 %OL l • 6 %UTt U IfcJSSf*! A 2 *&© 

^/l/£ft£U 0«^(f^ l fc*LfcaHflMH©it7 7-r 
/<5&fiftLfc. 40 
[0 10 9] )t77^/^MM 

tt, 8H 3711 *a2 37l2W«fc£jfr*ftTV> 

2 37l2i:©iil?fr££!2 3 7Jl2©itSb©2fg© 
®«fcM*«H (WfctfHlO (b) ©nag^CLrt) 
3711 fc»2 37l2fcni*fc£*SftWB 

[0 110] ±E»t LHIWffllU:, $1 fcfcv^ N 50 
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0 . 13 -pstH^tw 1 3 1 n 0 . 14 xmmwi 1 
4 s ~mm 1 3««» 1 cD^^t^ij, ttffw 1 4 

[0 111] MfWJl 3, 1 4W\ ^f'ftfc, ±l3Wf^ 
mmilt. ^13711 fcS 2 3712 *5V>K3S1E 

iL$®ixm$ftT]3'o, mm\ 3 a* a 1371 

1 fc&2 37l2*EI$KfcjffLT$JS;£ftTV3o $ 
fe, K^0!l 4tt, ai 3711 tW, 2 3712 fc, 7 
7 v F 5 £ fett S3! 2 3 71 2 Qgtftfr 2 3 71 

[0 112] KfftWl 3, 1 4©«fc9ftfl}JS*afflt5 
fc % 371 1 rtfcftffi£Jffcftl>©T*OHS{cJ:SJi& 
*ffiW?tx &gl 3 9 0 nmfcfcttSfiaSJIlfcfcffttt 

t*So ftfc\ $1 1 3 9 o nmfc*ttseasai*©ffl 

U , ftfftg 1 ©ft7 7 l^tC S 1 Tft o T fe ^M© 
ft^U^;l/T'feSA\ IWttWl 3, 1 4©ft7 7^c 

[0113] sfc, mm 1 4©jt7 7^^±, 7-77 

F5©-gPST'37 1 1 fc&fc£#LT^30T, 
1 3 9 0 nmlc*tt«e2HS*Ofil*«kO/h?<-e* 

So 

[0114] -z^c mm\tmm \ 4t*jt«L 

t>P.f\ n 2 /A.rr A^ftSo Kf^0!ll 4tt, ai 
37llfcy;bv:i*£fc7y**8F-7XT^*© 

t% a 1 37ii (ommmumm 1 tctb^, a 

1 37ll©F-^7hiilt^<, m tf*tl\ L 
fc^oT, Hf^0i 1 4©n z /A e rr *W0i 1 © n 
z /A.rr fctfc^T** <a 5WWH«»Oi» 

[0 115] *»WK^53teHIB©ai*fil5« 
tt0Ucov^»iWf *. a l ^M»J©)tf5iMSSti, 

a nc 7H u itmm \<r>%-?74*t mw\ iv>%-?7 

^ / <*fltt»jtt©asflMiHc»*t , m^^j 7 ©)t 7 7 >r / 
fi^^tfiiJ^tsttTfeo, mw\ i ©^77^^© 

S$i:Stff0>J7©g$©Jtttx 1 : 1. 6?fe§ 0 
[0 1 16] Sg«»»i:^-5gjST*tt, iE©»«fil©)t 
7 7 ^ t ft ©^1©^ 7 7 f y <*iE©»tt**t § 

7t7 7^/^t©^iii*^ts^7 7^/^ ; en ; rn 1 
< , a i m&mm<ommm$z-mmmm lx^ 

[0 117] H5t(4, c<D%&m®¥%1M¥f&ff 

1460nm~ 1625n m'P»|&'rntf 0 5 IC 
Kt&ifc. 1 5 5 0 nmtefctt3¥JStttt«:*K 
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[o 1 1 8] ttt. %immm<Dit&,mmt, m 

1460nm~1625n m<Dimft<DWfifi&EM (£ 

cT?tt±j6fi«) \zm%w-mim*- 1 . o ps / 

nm/kmttll. Op s/nrn/kmWTklt^ 
§. SI14 6 0 ri mK*it lps/nm 
/kmT'&t), ttftl 6 2 5 nm$T0£»g«tefe^ 
t> SMftfflWH 1 p s/nm/kmOTT*S5 0 
[01 19] £©£?(<:, 3M $ftJgffiffl©tt£&B 
14, S, C, L^yKO^T©««^ ftftKOffltmtfi 10 
lps/nm/kmttmO, S, C, L/OKOt 

t ©««?#»£ ± s8JB£#*««we t §&g#£J£ 

tfc&ffl ©ft £ § o 

[0120] LfctfoT, cojteasB*affit*c4: 

££9, M14 6 Onm^S 1 6 2 5 nm©$EHrt© 
— 1. Ops/nm/kmttll. Ops/nm/km 

[0 12 1] ci<7)ft£jMij;/^4, W*tfH7~H9t 

[0 12 2]**, $ 1 $ffl£!B0!©%£]£ftfcl:, ±12 
Lfttf, IS£&glS477y 

ssj£ l tcmmrn s ft & »i£tts©#ttffi© 

ISttfiStf 1 ps/nm/kmWT4:4*J:^JcitteaS» 

[o 1 23] $fc, *^fijMBfc»^aeo7w«« 30 

£JfMt3M£fc©ft7 7^©9-£, *-F7^-;bF 
[0 12 4] H6KIH:, *^tC^S3tfiJ3IK©^2^ 

12:1 TlI&£fr#TffM£tvn^ 0 40 

[0125] %2$mm<D%&&s&icmRirctiWL 

nWt774JVi, !Sill 4 60 n mfcfett*£f[«tf 
-7 2 p s/nm/km, SI1 5 5 0 nmfcfettS^ 
0 p s/nm/km, j£g 1 6 2 5 nmKfc 
tt£#tJ({Stf-9 4 ps/nm/kmm 
[0 12 6] $2£ffi$ffiffl©%££ft(ift3 14 6 0 
nmfr?> 1 6 2 5 n m©IEHft©!3£S^ii (CCT'14 
£Kfi$) fc*tt*¥i^»fl*- 1 • 0 p s/nra/ 
kmW±l. 0 p s/nm/krnWTtLTfcD, ±12 
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T't5, f/c, ll2^^tg{W©ftfi&IS*ajlJLfcft 
fiSSU > 7 fc±f2!g l £flrettffl©%fi£B&aflJ Lft 

[0 l 2 7] £43, «2*S6Jg«l«iJ©3tfi3StttJ:fe^ 
T, l^friUi, +0. 96ps/nm/km ($g 1 
5 4Onmfcfc»tM0 * S/MMRtt-O. 92 ps/ 
nm/km (j£g 1 6 2 5 nmtCfettSfil) ?3b&o 
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